Introduction
T he prevalence of obesity in children has increased worldwide since the 1970s, 1 but since 1995, the prevalence of obesity in children was found to stabilize in many high-income countries such as Australia, the USA and several European countries. [2] [3] [4] A nationwide study in the Netherlands also showed that the previous trend of increasing overweight rates had plateaued in the four major cities (Amsterdam, Rotterdam, The Hague and Utrecht), but not in rural areas and smaller cities. 5 Despite these stabilizing trends, overweight and obesity remain a major public health problem with prevalence rates remaining considerably higher than in the 1970s and early 1980s.
Recently, some concern was raised about the simultaneous increasing trend in moderate thinness rates (BMI equivalent 17.0-18.5 kg/m À2 at 18 years of age) between 2009 and 2013 in Amsterdam (the Netherlands), 6 while an earlier nationwide study found a decline in moderate thinness prevalence in the period 1980-2009. 7 In both studies severe thinness (BMI equivalent <17.0 kg/m À2 ) rates did not change over the study period.
Our previous study found a decline in the prevalence of overweight and obesity in Dutch children, and a stabilization of overweight (including obesity) prevalence in Turkish, Moroccan and South Asian children. 8 It is currently unknown if the stabilizing trends have switched to a decrease in overweight and/or obesity, nor is it known how thinness rates have developed since 2007. Also, the effect of these trends on ethnic inequalities has previously not been quantified.
The first aim of this study is to assess the time trends between 2007 and 2015 in the prevalence of thinness, overweight (including obesity), obesity and severe obesity in children of Dutch, Moroccan, Turkish and South Asian descent. Secondly, the effect of these trends on ethnic inequalities is studied.
Methods

Data collection
In the Netherlands, the Youth Health Care Service periodically invites all children (and their parents) between the ages of 0 and 18 years to participate in preventive health examinations. Between the ages of 2 and 4 years children are assessed annually and afterwards, at 5-6 years, 9-10 years and 13-15 years. All findings are registered in a digital record system. Participation rates are equally high for all major ethnic groups (82-83%). 9 For this study, data were extracted from the Youth Health Care digital record system of the city of The Hague. Height and weight data, measured between 1 January 2007 and 31 December 2015, of children between 2 and 15 years of age and living in The Hague, were included. Contrary to our previous study, 8 2 year old children were also included, as these data were available since 2007. One measurement per child for each age group was retained in the database. In case of two or more measurements per age group, the measurement closest to the target age of each group, 2.0, 4.0, 5.5, 10.0 and 14.5 years, was included.
Relevant personal data such as sex, last name, date of birth, country of birth of child and parents and nationality were derived from the digital health records. Under Dutch law (Medical Research Involving Human Subjects Act), ethical consent was not required for this study, as data were routinely collected and privacy was protected.
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Similarly to the previous study, 8 only children originating from the four largest ethnic groups in The Hague were included, i.e. children from Dutch (Caucasian), Turkish, Moroccan and South Asian descent. Most South Asian children living in The Hague are children of descendants of Indian contract labourers, who emigrated to Suriname in the 19th century to work on the plantations, and moved to the Netherlands around Suriname's independence in 1975. To determine ethnic origin the same method as described in our previous study was applied, based on parental country of birth and family names. 8 In this method, not only parental country of birth determined the ethnic background but also the family name. When a parent was born in the Netherlands, the family name was matched with lists of typical Turkish, Moroccan, Surinamese South Asian and Dutch family names, which, when found, prevailed over country of birth for the determination of ethnicity.
Anthropometry and definitions
All measurements were taken by trained health care professionals. Children aged 2 through 6 years were weighed (kg) in underclothes, children from the age of 7 years in light clothing without shoes, on yearly calibrated scales. Up to the age of 4.5 years weight was rounded to the nearest 0.01 kg; above 4.5 years of age to the nearest 0.1 kg. Height (cm) was measured to the nearest 0.1 cm without shoes with a wall mounted tape measure or stadiometer.
Nutritional status was determined with the universal International Obesity Taskforce (IOTF) body mass index [BMI = weight (kg)/ length (m) 2 ] cut-offs for overweight and obesity and the related BMI cut-offs for thinness. 11 In the current study, overweight, obesity and severe obesity were defined as corresponding to an adult BMI of !25.0 kg/m 15, 16 The BMI cut-offs for South Asian children used in the current study 17 were derived from these adult Indian BMI cut-off values with similar statistical methods as the universally accepted, international IOTF BMI criteria. 11 Based on the BMI distribution 0-18 years of a population unaffected by the obesity epidemic, the centile passing the adult BMI cut-off point at 18 years of age (23 and 25 kg/m À2 ) was (statistically) chosen as cut-off level and extrapolated to younger ages. As a BMI cut-off for severe obesity in South Asian children was not determined, the cut-off values were calculated for the current study with the in the previous study provided LMS data. 17 These LMS data perfectly describe the changing BMI distribution by age in the specific population, which is summarized by values for the skewness (L) the median (M) and coefficient of variation (S) of the distribution at the specific age. 18 As the severe obesity cut-off point is generally 5 BMI points higher than the obesity cut-point, a BMI equivalent of 30 kg/m À2 at 18 years, was arbitrarily chosen as cut-off for severe obesity in South Asian children. With the LMS data at 18 years of age, of boys and girls separately, the BMI centile (or z-score) that crosses a BMI value of 30 kg/m À2 at 18 years was calculated with the formula
and consequently chosen as a cut-off for severe obesity.
Statistical analyses
Changes in population characteristics over the years were analyzed by using 2 tests. Prominent high or low values in height or weight, below a z-score of À5 or over a z-score of +5, were checked and corrected where possible, or excluded from the analyses.
Trends in mean BMI z-scores were analyzed using the linear model in generalized estimating equations (GEE), while controlling for repeated measurements. In this model, BMI z-score was set as the dependent variable, year of measurement as the independent variable, and sex and, age as adjusting variables. As in our previous study, differences between sexes within each ethnic group were small, 8 and therefore in the current study no distinction is made between boys and girls. BMI z-scores adjusted for all other variables in the model were calculated with the estimated marginal means function in GEE. The betas (B) were calculated, depicting the mean BMI z-score change by year, while controlled for the other variables in the model. Current levels of thinness, overweight, obesity and severe obesity were assessed by calculating unadjusted prevalence rates. Time trends over the years 2007-15 in prevalence of thinness, overweight, obesity and severe obesity were determined with the binary logistic model in GEE. Thinness, overweight, obesity and severe obesity were added as dependent variables. All measurements not belonging to the analyzed group were used as the reference group, e.g. all thinness were analyzed versus all non-thinness (including overweight and obesity). In these analyses, year of assessment was added as independent variable. Age and sex were incorporated in the model as adjusting variables. The resulting odds ratio (OR) signifies the year on year OR for the occurrence of each of the studied BMI classes.
To test for differences in time trends of BMI z-score and of BMI classes between Dutch children and children from the other ethnic groups, ethnic group (three groups with Dutch as reference group) by year or ethnic group (binomial; Dutch/non-Dutch) by year was added to each of the models as effect modifier.
A P values (two-sided) <0.05 was considered as being statistically significant in all analyses. For all statistical analyses IBM SPSS Statistics 24 was used.
Results
A total of 135 150 measurements belonging to 77 058 children were included in this study. The proportions of ethnic groups and age groups differed significantly between the years of assessment (table 1) .
Mean BMI
Mean BMI z-scores, adjusted for sex and age were highest in 
BMI classes
Overweight and obesity subclasses Ethnic differences were found in the trends of the prevalence of overweight, obesity and severe obesity. While declining trends were seen in all overweight subclasses in Dutch children between 2007 and 2015 (table 2), the other ethnic groups showed stabilizing trends in most overweight subclasses. In Turkish and Moroccan children a decrease was found in obesity and severe obesity prevalence, respectively.
South Asian children had the highest prevalence of overweight, obesity and severe obesity of all ethnic groups (table 2). For instance, the prevalence of severe obesity in South Asian children was 7.1% in 2015 compared with 2.2, 0.8 and 0.3% in Turkish, Moroccan and Dutch children, respectively. Figure 1 Mean BMI z-score (adjusted for sex and age) by year for each ethnic group, with trendlines. In South Asian children, BMI z-scores were based on ethnic-specific BMI references, whereas for the other ethnic groups, z-scores were based on universal BMI references. Ã: Significant decrease (B=À0.005; 95% CI À0.007 to À0.003); $: significant increase (B=0.007; 95% CI 0.001 to 0.012)
As the shown trends suggest, the inequalities in overweight and obesity subgroups between Dutch children and children of nonDutch descent are increasing. Analysis of the modifying effect of ethnicity on the time trends supports this observation. This analysis showed a widening ethnic gap in inequalities in overweight (OR 1.025; 95% CI 1.014-1.036), obesity (OR 1.038; 95% CI 1.017-1.060) and severe obesity (OR 1.054; 95% CI 1.006-1.103) (data not shown). 
Thinness
Discussion
Main findings
This study presents current time trends between 2007 and 2015 in the prevalence of overweight, obesity, severe obesity and thinness in the four largest ethnic groups living in the city of The Hague, the Netherlands. Also, possible differences in trends between ethnic groups, especially between Dutch and ethnic minorities, were explored to investigate ethnic inequalities in these trends.
Both encouraging and alarming findings were presented. In Dutch children the previously found declining trend in overweight and obesity can now be further extended to severe obesity. And in Turkish children the earlier stabilizing obesity rates have switched to a decrease, whereas in children of Moroccan descent now a decline in severe obesity rates was found. However, South Asian children seem to develop differently. While in our previous article the IOTF BMI cut-offs were used, now the more suitable South Asian specific criteria were applied, leading to new insights. Although a stabilizing trend in all overweight and obesity subclasses was found, the extremely high prevalence rates of obesity and severe obesity are cause for concern. Not only because of this new finding in the South Asian group, but also because the declining trends in Turkish and Moroccan children are smaller compared with Dutch children, ethnic disparities in overweight and obesity have grown.
Strengths of this study are the large sample size, the reliability of the data and the inclusion of measurements from the age of 2 years. In addition, for the first time ethnic-specific BMI cut-offs were used to determine BMI classes in South Asian children. This allowed for unbiased prevalence rates. However, at this time consensus has not yet been reached on lowering of BMI cut-off point in South Asian children, since the use of universal or international BMI cut-off values is still recommended.
Nevertheless, since people of South Asian descent have generally increased cardiometabolic risks at considerably lower BMI levels than Caucasian people, the in the current study determined BMI cut-off point of 30 kg/m À2 (relative to a cut-off at 18 years of age) for severe obesity might have even been conservatively chosen. Considering the smaller difference between the overweight and obesity cut-offs at 18 years of only 2 BMI points, the 5 point difference between obesity and severe obesity may be still too large. This could have even led to an underestimation of the already alarmingly high severe obesity prevalence rates.
Although a previous study that was conducted in the city of The Hague and based on similar data, showed that participation rates of the routine health assessments were high at 82-83% for each of the studied ethnic groups 9 we cannot rule out selection bias. In the current study, this would have meant that for instance children with a 'normal weight' would have selectively participated more often than children with overweight. However, if this would have occurred, it is expected to have affected all ethnic groups and all years similarly, consequently not or minimally influencing interethnic differences. Another limitation is that the findings in children of Dutch descent may not be generalizable to Dutch children living in other parts of the country, as the prevalence of overweight in our study, at almost 10%, was considerably lower than in the 2009 nationwide growth study. 5 Where the nationwide prevalence of overweight (incl. obesity) increased between 1997 and 2009 in 2-21 year olds from 10-14% to 15-17%, 5 the rates in 3-15 year olds have declined in the city of The Hague from 14% in 1999 8 to 10% in 2015 (current study). Nevertheless, the discrepancy from the nationwide rates may have been augmented by differences in the age ranges that were under study. The current investigation included not all age groups and consisted of more younger children which, considering the lower prevalence at a young age, may have led to an underestimation of prevalence rates. Also the prevalence of overweight and obesity in children of Turkish and Moroccan origin was slightly lower at 27 and 22%, respectively, than in the nationwide study (31-32 and 25-28%, respectively), while for that study children from ethnic minority groups were mainly recruited in the four largest cities of the Netherlands (including the city of The Hague). 19 Nonetheless, a study conducted in another large Dutch city, Amsterdam, that had a similar design, and inclusion of the same age groups as in the present study, found a more pronounced decline of overweight and obesity between 2009 and 2013 than in our study. Also, the magnitude of the decrease seemed equal in Dutch, Turkish, Moroccan and Surinamese, 6 while our study showed that in Dutch children the decline was considerably larger than in children of Turkish and Moroccan descent.
Explaining the findings and practical implications
The decrease in the prevalence of obesity and severe obesity in Turkish and Moroccan children, respectively, and the simultaneous stabilization of overweight (including obesity) rates means that children affected by obesity belonging to these ethnic groups likely shifted to a 'lower' BMI class.
Although the nature of the decreasing trends cannot be inferred from the present study, the HAGG (The Hague approach healthy weight) community-based prevention programme, that in the city of The Hague has run since 2011, might have had aided to the stabilizing and decreasing trends.
Nevertheless, the prevalence rates of overweight and obesity generally remain high. And as this study showed, considerable ethnic disparities in overweight and obesity exist, with a widening gap between Dutch children and children from ethnic minority groups since 2007. This may be different from other Dutch cities, at least Amsterdam, 6 because of differences in approach to tackle the obesity epidemic, and in possibilities to introduce and develop interventions that are tailored to the specific ethnic groups. More research is needed to understand why ethnic inequalities are widening, and why and how this trend differs from trends in other Dutch cities.
The generally high overweight and obesity rates in ethnic minority groups might be explained by the value of food and the specific eating habits in the Turkish, Moroccan and South Asian culture. In these cultures, food is often the basis of hospitality and it is offered in abundance to visiting family and friends. 20, 21 Also, the Islam, the prominent religion within Turkish and Moroccan communities, discourages the wasting of food, which might lead to overeating. 21 The South Asian cuisine generally contains more fat and carbohydrates than foods in other cultures. 20, 22 However, the eating habits may be difficult to change, as the food culture is generally experienced as part of their identity. 22 Therefore, cultural factors such as these might have contributed to the increasing differences in overweight and obesity rates between Dutch children and children from a different ethnic background. Further study of cultural influences on overweight and obesity is recommended to be able to find an effective solution for the growing ethnic inequalities, and to develop public health interventions that are better tailored to the needs and expectations of these specific groups.
Trends in South Asian children seem to stand apart from the other ethnic groups under study. While a declining trend in thinness was found, no decline in overweight or obesity was found from 2007 through 2015. Moreover, the mean BMI z-scores increased, suggesting increasing adiposity. Contrary to our previous study, for which universal BMI criteria were used, in the present study lowered, ethnic-specific BMI cut-offs were applied as they better reflect the typical body composition (and associated health risk) of this population. 17 Therefore, the high prevalence rates in overweight and obesity might partially be caused by the former use of biased universal BMI growth charts in health care practice. This may have led to health care workers incorrectly classifying a South Asian child's nutritional status, and consequently, informing and advising parents improperly. As a result, awareness of health risks at lower BMI levels would have been low. Therefore, in clinical practice, awareness should be raised about the very high prevalence of obesity and severe obesity in South Asian children. The newly introduced South Asian specific BMI criteria in the Netherlands 17 may contribute to the prevention of South Asian children becoming overweight, as a better nutritional assessment likely leads to more appropriate actions being taken. The development of a prevention programme targeting South Asian children and their families is highly recommended.
